Background: Pancreatic cancer is a malignant disease with a high mortality rate and severe pain that is challenging to manage. To reduce the excruciating abdominal pain, opioids and adjuvant agents are conventionally used. Objectives: PRNCPB is a treatment of neural therapy. The number of studies assessing the effect on patients' QoL is limited and inconsistent. With this study, we intended to address this issue. Study design: A prospective nonrandomized study with a series of cases of unresectable pancreatic cancer was conducted. Setting: The study was performed at our pain clinic under real life conditions. Materials and methods: A total number of 16 patients with severe abdominal pain were enrolled in the study all of whom had responded to combined systemic analgesic therapy inadequately and had intolerable side effects contraindicating further increase in dose. The efficacy of this invasive, palliative analgesic procedure was evaluated 35 days after PRNCPB was performed. Primary outcomes were changed in pain intensity using the VAS questionnaire. Secondary outcomes were improved in QoL using the SF-36 questionnaire. Changes in pain medications and adverse reactions were monitored. Results: After PRNCPB patients experienced a significant decrease (P=0.002) in pain intensity as shown by the VAS score, and a decreased opiate demand. Their QoL scores considering effect sizes also improved (P<0.001). No complications attributable to PRNCPB were observed during the study period. Additionally, no adverse drug reactions were observed. Limitations: Detection, observation, and reporting bias can be estimated as moderate. Selection bias was not detected. Conclusion: Our results give preliminary evidence that PRNCPB might be helpful as an additional treatment to conventional pain management in end-stage pancreatic cancer patients. PRNCPB seems to improve QoL in these patients in a time frame of at least 5 weeks after intervention.
Introduction
Pancreatic cancer is becoming more common worldwide; in Western countries, the disease ranks fourth to fifth in the list of cancers leading to death. It is more common in men than in women (male to female ratio 2:1), most prevalent in patients aged 55-75 years, in smokers, and those who regularly consume large amounts of alcohol. Other etiologic factors include aggregation in families, heredity, and obesity. [1] [2] [3] Longterm survival is exceedingly low, such that the incidence of the disease is practically identical with its mortality.
The first symptoms usually are weight loss, epigastric, or upper abdominal pain associated with icterus, pruritus, and anorexia. At the time of diagnosis, 73% of patients already suffer from abdominal pain. 6, 7 Few options are available to treat the severe pain typically present in advanced pancreatic cancer.
Pathogenesis of tumor pain
Pain in pancreatic cancer is typically located in the epigastrium radiating band-like to the back. Its etiology appears to be complex, possibly involving blockage in the pancreatic duct, increased parenchymal pressure, and superimposed peritumoral edema. At the level of nociception, the most important mechanism -estimated at 70%-90% -is the neuropathic pain associated with the infiltration of the nerves by cancer cells and perineural invasion. The neural processing of the pain includes four stages: transduction, transmission, modulation, and perception. [8] [9] [10] The continuous impulse of permanent pain may result in the development of central pain syndrome. 9 
Management of tumor pain
The pain caused by pancreatic cancer is of multifactorial origin, so the strategy of pain management should also be multifactorial. [10] [11] [12] [13] [14] A well-chosen effective pain relief can significantly improve the QoL of patients including endstage cancer. 15, 16 The most widely accepted pain management strategy is the four-step "analgesic ladder" recommended by the WHO and IASP; 17, 18 it provides the most effective analgesia with relatively few side effects and complications. 11, 18, 19 When conservative analgesia is no longer effective and the dose of analgesic can no longer be increased due to patient intolerance, invasive methods to control pain become more and more appropriate. [19] [20] [21] Gastrointestinal, surgical, and oncological treatments and interventions aiming to maintain the patency of ducts and to reduce pancreas edema are necessary for adequate pain control. 12, 22, 23 Despite these measures, severe pain often persists rendering the introduction of noninvasive and palliative methods unavoidable (Table 1) . 17, 18, 24, 25 In general, the preferred route of drug administration is enteral; however, transdermal application, rectal, subcutaneous, intramuscular, or intravenous drug administrations are also feasible. If the pain becomes intolerable after 5 days of therapy or if the intensity of pain reaches level 6 on the VAS before the fifth day, then the dose should be increased, the adjuvant drug should be replaced, or pain control should move a step higher. 13, 26, 27 celiac plexus neurolysis
The most effective method of invasive pain management in pancreatic cancer is CPN. 28 In 1914, Kappis published his experience with the blockade of the splanchnic nerve and celiac plexus with a percutaneous technique. 29 Despite various technical modifications, this study still remains the "gold standard." 30, 31 The local anesthetic block of the plexus is effective in the early stage of cancer, but only for a short period. The efficacy rate of neurolysis is ~80%, reducing pain for several weeks or months. 32 CPN may be performed during laparotomy or thoracoscopy or by various percutaneous techniques: anterior or 
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neural therapy in pancreatic cancer posterior paraspinal approach, intradiscal, retrocrural and transcrural, single and bilateral needle placements; transand para-aortic techniques; radiofrequency thermocoagulation; and using local anesthetics or neurolytics (6%-10% phenol, 70%-90% ethyl alcohol). [33] [34] [35] [36] Various imaging techniques can be used to perform these interventions accurately, including fluoroscopy, ultrasonography, or computed tomography. 25, [37] [38] [39] 
Objectives
The retrocrural technique of NCPB is known to minimize the incidence of complications. 14, 20, 40 The number of publications using the retrocrural technique is limited. 14, 20, 34, [40] [41] [42] [43] Thus, we aimed to evaluate the analgesic efficacy of retrocrural NCPB in patients with unresectable pancreatic cancer by monitoring changes in analgesic medication use, effective pain control, and therapy-related adverse reactions. Since the effect of NCPB on patient's QoL is considered controversial, [44] [45] [46] [47] [48] [49] [50] with this study, we intended to address this issue.
Study design
This prospective nonrandomized study was performed at our pain clinic (Pándy Kálmán Hospital, Gyula, Hungary) under real life conditions following the principles of the Declaration of Helsinki. Patients with pancreatic cancer suffering from abdominal pain were included, if they fulfilled the study's inclusion criteria and provided signed informed 
Materials and methods selection of patients
Patients with pancreatic cancer who visited our pain clinic were enrolled in the study if they met the following inclusion criteria.
inclusion criteria
• Diagnosis of unresectable pancreatic cancer; • A high-dose, combination pain medication regimen had been used (opioids and NSAID) for the previous 2 weeks, or contraindication to increase dose was present due to adverse drug reactions; • Pain intensity of 7 or more on VAS;
• Patient was capable of understanding the information provided and to give consent to the intervention.
exclusion criteria
• Coagulation disorder or oral anticoagulant therapy.
• General contraindications to neural therapy.
Evaluation -outcomes Primary outcomes
• Pain intensity was measured by a VAS before and 35 days after the intervention.
VAS is a simple method to assess pain intensity from 0 (no perceived pain) to 10 (maximum perceived pain). Although the value is subjective, comparison of the numeric data before and after treatment is a valid indicator of therapeutic efficacy. [51] [52] [53] • Throughout the study type, application form and dosage of analgesic medication taken by the patients were monitored.
secondary outcomes
QoL was assessed using the SF-36 questionnaire. SF-36 is a generic, coherent, and easily administered qualityof-life questionnaire adapted in Hungary and recognized internationally. 53, 54 The questionnaire was completed individually before and 35 days after treatment. The administration time of the survey is ~20 minutes, and the patient can generally fill it out with little or no intervention from an interviewer.
"After" treatment results were compared with "before" treatment results. Patients' answers were presented in eight dimensions on a scale of 0-100. The dimensions are vitality, physical functioning, bodily pain, general health perceptions, physical role functioning, emotional role functioning, social role functioning, and mental health. The higher the total value of the points of each dimension, the healthier the responder feels. [55] [56] [57] side effects and complications Side effects and complications were monitored.
Statistical evaluation
An "internal control" of the post-treatment status compared with the pretreatment status was performed. The degree of changes was documented and analyzed. Change in pain intensity was calculated by Wilcoxon's test. The need for drug use was compared by using Fisher's exact test. Changes before and after treatments, in each dimension of the SF-36 questionnaire, were performed by Wilcoxon's test. A Bonferroni-Holmes method was used with P-values obtained in statistical tests mentioned above to decide which changes might be accepted as significant at P<0.05 taking into account the effect of multiple testing. Effect sizes were also calculated in cases of pain intensity and SF-36 dimensions. Data were recorded and analyzed using the SYSTAT 10 program package, as with previous studies and according to the SF-36 manual.
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Description of the PRNCPB therapy Perioperative preparations
Prior to the intervention, the condition of patients was assessed and optimized (eg, electrolyte and fluid balance, coagulation parameters) when necessary. The invasive intervention was performed in accordance with professional recommendations. Peripheral intravenous cannulation, C-arm X-ray with printer, and noniodinated contrast agent were used. Following the intervention, patients were observed in a surgical step down unit for 1 hour.
Procedure
Throughout the procedure, verbal communication was maintained with the patients. Heart rate, blood pressure, and O 2 saturation were monitored. Patients were placed on the operating table in a prone position. In all cases, retrocrural penetration was performed: a horizontal line was drawn through the midline of the L1 vertebral body to the inferior edge of the 12th rib, on both sides. A line was drawn to these from the processus spinosus of Th12, on both sides. The meeting point of the lines is the entry site which is located about 7.5 cm lateral to the midline, just beneath the 12th ribs. Twenty-two gauge, 13-15 cm styleted needles are inserted bilaterally through the anesthetized areas. The needle is inserted medially at 45 degrees from the midline, so as to "walk off " the lateral surface of the L1 vertebral body. From here, the left-side needle is gradually advanced 2-4 cm deep, until the pulsations emanating from the aorta are felt. The right-side needle is inserted in 2-3 cm deeper past contact with the L1 vertebral body. From the needle to the right is the inferior vena cava. Finally, the tip of the two needles must be at the anterolateral edges of the aorta. About 2-2 mL of contrast material is injected bilaterally, and its spread observed radiographically. Ideally, on the fluoroscopic anteroposterior view, contrast material is confined to the midline and concentrated near the Th12-L1 vertebral body. A smooth posterior contour can be observed on the lateral view, in front of the vertebral body. If no aspirates were seen coming through the inserted needles and both needles were properly positioned, 5 mL of 1% lidocaine was injected per side. If this did not lead to deterioration or spinal block, the neurolysis was performed by using 20-20 mL of 70% ethyl alcohol. 40, 51 The intervention is depicted in Figure 1 .
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Results
We performed PRNCPB on a total of 16 pancreatic cancer patients. No exclusions occurred before and no dropouts occurred during the period of the study.
Baseline characteristics
Gender and age distribution of the patients were as follows: five men (rounded mean age: 57 years) and eleven women (rounded mean age: 66 years) were enrolled in the study. Comorbidities are depicted in Table 2 .
Primary outcomes
• Five days prior to the onset of the study, subjects were at step 3 of the analgesic ladder. Each patient used a constant and high dose of major opioid and adjuvant analgesics. An increase in the dose of analgesics was not possible because of unbearable side effects. According to the WHO, the next analgesic step is the use of invasive pain therapy.
Pain intensity significantly decreased in the post-treatment period compared with pretreatment period based on VAS (Wilcoxon's test P<0.001; effect size: 0.632 and chisquared test: P<0.001; Figure 2 ).
• After NCPB, patients still had to continue taking oral analgesics, but their doses decreased compared with pretreatment dose. Although opioids could not be omitted in any of the cases, primarily because of metastatic pain, in each patient the need for previously taken pain medication decreased, either in strength (morphine could be dropped and replaced by dihydrocodeine) or dose, and no patient needed dose increase (Table 3) .
secondary outcomes
Results from the SF-36 survey revealed that pain reduction significantly improved (Wilcoxon's test, after Bonferroni-Holmes correction) at P<0.05 in five out of the eight dimensions (Table 4 and Figure 3 ). All but three dimensions increased significantly with median effect sizes.
side effects and complications
The retrocrural PRNCPB has been reported to result in fewer side effects compared with NCPB performed by other techniques. 14, 20, 40 The most common undesirable effect is the pain caused by the intervention. 43, 54, 58 During our study, the minimally invasive treatment resulted in only a short-term local irritation at the site of alcohol injection. Approximately 15-20 minutes following neurolysis, all patients had shortterm blood pressure drops, which all normalized within 5-10 minutes. This ratio did not exceed 10% of the baseline value and did not affect consciousness. Blood pressure was mainly normalized spontaneously or by the administration of intravenous fluid, in few cases by 5 mg of ephedrini hydrochloridum. Diarrhea, 40, 60 postbleeding, neurological symptoms, acute abdominal symptoms, or other severe adverse effects or complications reported in the literature were not observed. 8, 25, 29, 31, 44 
Discussion
Main findings
1. Patients with severe pain were included in the study, whose doses of systemic combined analgesics were not increased due to the nontolerable side effects, but the intensity of the pain required more powerful analgesia. 2. A minimally invasive intervention was performed under real life outpatient conditions with low material, instrumental, and personal costs. 100 μg/h fentanyl transdermal patch system (DOMeD = 720-1,000 mg morphine tab.)
(75) 0
Abbreviations: PRncPB, percutaneous retrocrural neurolytic celiac plexus block; tab., tablet. 
Bias
Outset bias regarding baseline characteristics of the patients can be described as follows. Age distribution of patients peaks between 55 and 75 years for pancreatic cancer. Although pancreatic cancer is generally more common in men than in women (2:1), the fact that in our study this proportion appeared to be reversed was not likely to result any bias.
Detection, observation, and reporting bias can be estimated as moderate. Differences in distribution and medication of comorbidities should not have affected the outcomes. Selection bias was not detected, as no exclusions occurred before and no dropouts occurred during the period of the investigation.
In our study, we did not evaluate the effect of palliative pain management on survival rate, thus it has been previously demonstrated that effective pain relief does not result in increased survival. 44, 62 The three dimensions of SF-36, which did not change significantly, were general perception of health and emotional role functioning. As patients are aware of their incurable, endstage status, it is very likely that it influences their general health perception and emotions.
Generalizability of the treatmentaspects for safety and training
The clinical and practical experience of complications has been rare. 8, 14, 20, 25, 29, 31, 40, 43, 44, 54, 58, 63, 66 Through official training courses -as established at the University of Pécs -risks are minimized. With sufficient anatomical knowledge, the PRNCPB is easy to acquire. Average neural therapeutic is limited, and there is inconsistency in the effect of NCPB on QoL.
14, [44] [45] [46] [47] [48] [49] [50] 60, 64, 65 This study gives preliminary evidence that NCBP might be effective both in controlling pain and in improving QoL which means that NCPB could provide important benefits for patients suffering from pain associated with advanced pancreatic cancer.
Limitations
Regarding patients
The small number of subjects in our study makes it difficult to draw definitive conclusions. Further, no control group has been included into our study, eg, receiving standard care (waiting control group) or other complementary treatments.
Regarding methods
Due to legal, ethical, and professional reasons, we could not have a blinded control group.
A further limitation is the relatively short follow-up period of 35 days in comparison with a 3-or 6-month followup assessment, which has been realized in other studies. 44, 48 Most patients reach step 4 of cancer-related pain treatment (see Table 1 ) in the last stage of their illness. This was the background to determine a limited period of data collection in the study design. Nevertheless, in the run-on survey, it could be assessed that during the next 35-42 days period after closing the data collection (ie, the first 35 days after the 
Conclusion
The results of this study underline the preliminary evidence and our overall clinical experience over 20 years that PRNCPB might help end-stage pancreatic cancer patients in reducing pain and in improving QoL even if only for a short period of time. [67] [68] [69] [70] Abbreviations CPN, celiac plexus neurolysis; IASP, International Association for Study of Pain; NCPB, neurolytic celiac plexus block; PRNCPB, percutaneous retrocrural neurolytic celiac plexus block; QoL, quality of life; SF-36, Short Form-36.
